Introduction {#Sec1}
============

Plant pathologists have studied the genetic structure of oomycete populations intensively to understand the evolutionary potential of these pathogens and to optimize management strategies (McDonald [@CR13]; McDonald and Linde [@CR14]). *Phytophthora* and *Pythium* are two of the major oomycete genera responsible of many destructive plant diseases around the world and efforts have been focused on understanding their biology, diversity, and evolutionary development. Genetic population studies require the analysis of large numbers of individuals for comparisons within and between populations with numerous molecular markers. Nevertheless, most extraction protocols for large quantities of high quality DNA essential for genetic studies of species of these genera are relatively lengthy, many require more than 1 day to be carried out, thus they are cumbersome for high throughput analysis; and others need specialized equipment to be completed (Lamour and Finley [@CR11]; Villa et al. [@CR18]; Winton and Hansen [@CR19]). Commercial kits are widely used, they are less time-consuming and the DNA obtained is of high-quality; however, they are expensive, require the execution of many steps in a short period of time, and low quantities of DNA are regularly obtained.

Kamiya and Kiguchi ([@CR10]) developed a protocol for DNA extraction from soybean to expedite genotype analyses. Their protocol allows for processing of a large number of samples quickly. The combination of three detergents: SDS, Tween 20, and nonidet P-40 (NP-40) along with proteinase K in the digestion buffer, and the incubation at 55°C were crucial for the inactivation of nucleases, lysis of the cells, and release of DNA from the nuclear components and degradation of proteins (Merante et al. [@CR15]). The objective of this study was to evaluate the Kamiya and Kiguchi ([@CR10]) protocol for the extraction of high quantity and quality DNA from *Phytophthora* and *Pythium* species that could also be implemented in large scale molecular studies. The DNA obtained from 14 different isolates was evaluated by amplifying markers commonly used in phylogenetic and population studies: the ITS region (Cooke et al. [@CR4]) and two polymorphic microsatellites, PS36 (Dorrance and Grünwald [@CR5]) and P74-75 (Schena et al. [@CR17]), respectively. In addition, a side-by-side comparison was made between Kamiya and Kiguchi ([@CR10]) protocol and the commercial kit, DNeasy Plant Mini Kit (Qiagen, USA), the most commonly used in oomycete studies (Belbahri et al. [@CR1], [@CR2]; Bowers et al. [@CR3]; Ioos et al. [@CR9]; Nechwatal et al. [@CR16]).

Materials and methods {#Sec2}
=====================

Oomycete isolates and culture conditions {#Sec3}
----------------------------------------

Mycelia of 14 isolates of *Phytophthora sojae*, *Phytophthora sansomeana*, and *Pythium heterothallicum* (Table [1](#Tab1){ref-type="table"}), from the soybean pathology collection at OARDC, were grown on half-strength lima bean media plates (LB50) at 27°C for 1 week. Ten 0.5 mm^2^ pieces of media were cut, transferred to 30 ml clarified V8 broth, and incubated at 27°C. After 3--5 days the mycelia was decanted, rinsed twice with sterilized distilled water, and dried on sterilized paper towel for 5 min. Dry mycelia was transferred to a mortar, frozen with liquid N~2~, and crushed with a pestle to fine powder. Fifty to 100 mg fine tissue was placed in a 2 ml microcentrifuge tube, and the tubes were then stored at −20°C until all the samples were processed.Table 1Comparison of genomic DNA isolated from *Phytophthora* and *Pythium* using the Kamiya and Kiguchi modified protocol and the DNeasy Plant Mini Kit (Qiagen)SpeciesIsolateKamiya and Kiguchi ([@CR10]) modified protocolDNeasy Plant Mini Kit (Qiagen)Conc. (μg/μl)T.A. (μg)^a^A~260/~A~280~A~260/~A~230~Conc. (μg/μl)T.A. (μg)^b^A~260/~A~280~A~260/~A~230~*P. sojae*OH 1999 1.S.1.12.42352.21.90.5242.01.0OH 2000 Wood 252.12072.21.90.6332.01.3OH 2000 Wood 311.51452.11.70.5231.91.1OH SS051.31332.21.80.3132.11.0MB 4-4-12.22222.11.70.315.2.01.1*P. sansomeana*OH SS04 Defiance1.61622.22.00.630.2.11.3OH Mad 2452.42422.22.10.839.2.21.3OH SS05 3B-22.12962.22.00.734.2.01.3OH Brown 23122.92852.22.10.943.2.21.4*P. heterothallicum*OH Blan B101-320.5462.01.30.525.2.11.4OH Blan B101-411.81822.22.10.8402.21.3OH Blan B101-312.42432.32.00.73502.11.2OH Blan B408-142.32342.32.10.7352.11.4OH Blan B101-220.5532.11.40.5262.01.5The DNA quantity and quality was determined by a NanoDrop ND-1000 spectrophotometer^a^T.A. = total amount of DNA obtained in each sample diluted in 100 μl of TE Buffer^b^Total amount of DNA diluted in 50 μl of TB buffer

DNA extraction protocols {#Sec4}
------------------------

The protocol of Kamiya and Kiguchi ([@CR10]) was slightly modified; the modifications were the substitution of nonidet P-40 (NP-40), which is no longer produced, with the detergent Triton X-100, and the increase in the volume of the reagents from 200 μl by four to 800 μl in order to obtain more DNA from each sample. DNA was extracted from 14 samples as follows, 800 μl of modified digestion buffer (10 mM Tris/HCl pH 8.0, 50 mM EDTA, 0.5% SDS, 0.5% Triton X-100, 0.5% Tween 20) and 2 μl of 20 mg proteinase K/ml (Amresco, USA) were added to a 2 ml microcentrifuge tube containing the frozen ground mycelia. The tube was vortexed for 30 s and incubated at 55°C for 30 min, with inversions every 10 min. After the sample was cooled to 27°C, 800 μl chloroform/isoamyl alcohol (24:1, v/v) were added, the tube was vortexed until the two phases formed an emulsion and centrifuged for 10 min at \~10,000×*g*. The supernatant was transferred to a 2 ml tube, and the chloroform/isoamyl alcohol step was repeated. To precipitate the DNA, the supernatant was transferred to another 2 ml tube containing 1 ml isopropanol. The tube was inverted 5 times and held at −20°C for 15 min. A DNA pellet was formed by centrifugation for 10 min at 10,000×*g*. The supernatant was carefully discarded, and the pellet was washed with 1 ml 70% (v/v) ethanol and then 1 ml absolute ethanol. The tube was then placed upside down over a paper towel for 15 min or until the pellet was completely dried. The pellet was resuspended in 100 μl warm (55°C) TE buffer (10 mM Tris/HCl, pH 8.0, 1 mM EDTA). After the pellet was dissolved and the DNA solution cooled to 27°C, 2 μl 20 mg Ribonuclease A/ml (Sigma, USA) was added and the tube was then incubated at 37°C for 30 min. DNA was also extracted simultaneously from the same ground tissue samples using the commercial DNeasy Plant Mini Kit (Qiagen, USA) following manufacturer's instructions, and the DNA was eluted in 50 μl of TE buffer.

Comparison of DNA extraction methods {#Sec5}
------------------------------------

The quality and quantity of the DNA obtained from both protocols was evaluated by measuring the concentration (ng/μl), and A~260~/A~280~ and A~260~/A~230~ ratios in a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, USA). Two micrograms of each DNA sample was electrophoresed on a 2% (w/v) agarose gel with Rapid Run Agarose buffer (USB, USA) for 1 h at 100 V. After electrophoresis, the gel was stained in a 0.5% GelRed (Biotum, USA) for 10 min. DNA was visualized and photographed with a UV light transilluminator.

Amplification of DNA markers {#Sec6}
----------------------------

DNA quality of the samples obtained with Kamiya and Kiguchi ([@CR10]) modified protocol was assessed by PCR amplification of the ITS region and PS36 and P74-75 SSR markers (Cooke et al. [@CR4]; Dorrance and Grünwald [@CR5]; Schena et al. [@CR17]). The ITS region was amplified in a 25 μl reaction using 20 pmol of ITS4 (5′-CCTCCGCTTATTGATATGC-3′) and ITS6 (5′-GAAGGTGAAGTCGTAACAAGG-3′) primers, 20 ng DNA, 1× Taq Flexi Buffer (Promega, USA), 2.5 mM MgCl~2~, 100 mM BSA, and 2 U of Go Taq Flexi DNA polymerase (Promega). Amplifications were carried out in a DNA Engine Tetrad 2 Peltier Thermal Cycler (BioRad, USA). The PCR conditions were as follows: 95°C for 2 min, 30 cycles of 95°C for 20 s, 55°C for 30 s, and 72°C for 1 min, and a final cycle at 72°C for 10 min. The PCR products for the ITS were visualized as mentioned above. SSR marker PS36 was amplified in a 15 μl reaction volume containing 50 ng of template DNA, 0.1 mM of each dNTP, 1 mM MgCl~2~, 0.5 μM each of primers PS36F (5′-CAAAAATCATCAGCACCTTCG-3′) and PS36R (5′-TAGCCAAAAGAGCGACAACC-3′), 2 U of Go Taq Flexi DNA polymerase, and 1× Green Go Taq Flexi Buffer. The PCR conditions were: 94°C for 5 min, followed by 8 cycles at 92°C for 45, 45 s at 60, 58, 56, 55, 54, 53, 52, and 51°C, then 70°C for 45 s. Followed by 29 cycles of 92°C for 45 s, 48°C for 45 s, 70°C for 45 s and a final extension of 3 min at 70°C. SSR marker P74-75 was also amplified in a 15 μl reaction volume with 10 μM of primers S74F (5′-CGGTGGTACTTGTCGTCCTC-3′) and S75R (5′-TSTCCGGCTACATCATCATC-3′), 20 ng DNA, 1× Green Go Taq Flexi Buffer, 100 μM dNTPs, 1 mM MgCl~2~, and 2 U of Go Taq Flexi DNA polymerase. The PCR conditions were: 95°C for 2 min, followed by 40 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C 1 min, and 72°C for 10 min. PCR products of PS36 and P74-75 markers were electrophoresed on a 4% (w/v) agarose 3:1 High Resolution Blend (Amresco, USA) gel with Rapid Run at 300 V for 1.2 h, and stained with GelRed as described above.

The ITS PCR products were processed using ExoSAP-IT (USB, USA) following manufacturer instructions, and directly cycle-sequenced with the same primers ITS6/ITS4 in an ABI Prism 3100xl Genetic Analyzer at the Molecular Center and Imaging Center (OARDC, OSU). The sequences were visualized and edited using BioEdit ver. 7.0.9.0 (Hall [@CR7]), and compared to the NCBI database using BLAST (Zhang et al. [@CR20]) to confirm the identity of the species.

Results and discussion {#Sec7}
======================

DNA, using the modified protocol of Kamiya and Kiguchi ([@CR10]), was successfully obtained from isolates of both *Phytophthora* and *Pythium*. One of the most critical steps in this procedure was the age of the culture. Winton and Hansen ([@CR19]) grew cultures at 27°C for 1--3 weeks; however, in the three species analyzed in this study the mycelia from the 10 pieces covered the area of the Petri plate after 3--5 days of growth. Mechanical grinding with liquid N~2~ was required to process the tissue that was used for the DNA extraction with both Kamiya and Kiguchi ([@CR10]) modified protocol and DNeasy Plant Mini Kit. The 28 DNA samples extracted with both protocols were visualized as solid bands of high molecular weight in a 2% (w/v) agarose gel (Fig. [1](#Fig1){ref-type="fig"}a, b). A light smear indicating DNA degradation was observed in some samples, specifically from the samples of *P. sojae* obtained with the DNeasy Plant Mini Kit (Fig. [1](#Fig1){ref-type="fig"}b, lanes 2--6). This smear may be a consequence of the high sensitivity of the GelRed dye.Fig. 1Comparison of DNA extraction methods with 2 μg of genomic DNA and PCR products of *Phytophthora* and *Pythium*. **a** Kamiya and Kiguchi modified protocol; **b** DNeasy Plant Mini Kit (Qiagen); **c** 900 bp bands of ITS region; **d** polymorphic bands of microsatellite P74--75; **e** polymorphic bands of microsatellite PS36. *Lanes 2--6*, *P. sojae*, isolates: OH 1999 1.S.1.1, OH 2000 Wood 25, OH 2000 Wood 31, OH SS05 MB 4-4-1. *Lanes 7--10*, *P. sansomeana*, isolates: OH Mad 245, OH SS05 3B-2, OH Brown 2312. *Lanes 11--15*, *P. heterothallicum*, isolates: OH Blan B101-32, OH Blan B101-41, OH Blan B101-31, OH Blan B408-14, OH Blan B101-22. *Lane 1*: DNA ladders, **a**, **b** 0.2 μg of 1 Kb DNA ladder (Promega, USA); **c**, **d**, 0.15 μg; **e** 0.2 μg of 100 bp DNA ladder (Biolabs, USA)

The DNA samples were quantified spectrophotometrically, and the concentrations ranged from 0.5 to 2.9 μg/μl with Kamiya and Kiguchi ([@CR10]) modified method, with a mean of 1.9 μg/μl; and 0.3--0.8 μg/μl with the DNeasy Plant Mini Kit, with a mean of 0.6 μg/μl (Table [1](#Tab1){ref-type="table"}). In both methods DNA was isolated from 50 to 100 mg of frozen mycelia, and the total amount of DNA was greater from the samples of Kamiya and Kiguchi modified protocol (46--296 μg) than those of the DNeasy Plant Mini Kit (15--43 μg). One of the samples obtained with Kamiya and Kiguchi modified protocol was 14 times greater than the same sample obtained with the DNeasy Plant Mini Kit (Table [1](#Tab1){ref-type="table"}).

When the quality of the DNA was evaluated, the A~260~/A~280~ ratio was greater than 1.8 for all the samples, indicating that the DNA was almost free of proteins (Glasel [@CR6]; Maniatis et al. [@CR12]). With regard to the A~260~/A~230~ ratio, the values of almost all the samples obtained with Kamiya and Kiguchi modified protocol were approx. 2, indicating that the samples do not have impurities of carbohydrates, peptides, phenols, salts, and aromatic compounds (Hansen et al. [@CR8]). In contrast, the A~260~/A~230~ ratio from the samples obtained with the DNeasy Plant Mini Kit were lower than 2, reflecting the presence of some contaminants that were not removed during the DNA isolation.

Three DNA markers were successfully amplified from the DNA isolated with Kamiya and Kiguchi modified protocol. PS36 and P74-75 SSR markers generated PCR products of 150--220 bp (Fig. [1](#Fig1){ref-type="fig"}d, e). PS36 was used previously in a *P.sojae* genetic population study (Dorrance and Grünwald [@CR5]), and P74-75 amplified interspecific polymorphic bands of *P. sojae*, *P. rubi*, and *P. europea* (Schena et al. [@CR17]). In addition, the same markers also amplified segments in *P. sansomeana* and *P. heterothallicum*.

A band of approx. 900 bp corresponding to the ITS region was obtained with the amplification of the primers ITS4/ITS6 (Fig. [1](#Fig1){ref-type="fig"}c). The sequences obtained from direct sequencing of the PCR products were of high quality, the sequence traces presented peaks evenly-spaced and easy to score. Taking into account that the ITS region is one of the most used genes for identification and phylogenetic analysis of oomycetes species (Cooke et al. [@CR4]), all of the isolates studied were identified with a Blast search. A threshold of 100% homology between the sequences from the isolates in this study and sequences from strains which were previously deposited in Genbank was obtained and used to identify the individual species of each of the 14 isolates.

The combination of three detergents and proteinase K in the Kamiya and Kiguchi ([@CR10]) buffer was better at separating DNA from almost all the polysaccharides and protein complexes. Temperatures of 56--65°C were important to completely digest all the proteins. Residual proteins and lipids could readily be removed by extraction with chloroform-isoamyl alcohol (Merante et al. [@CR15]). After these few steps, high quality DNA was obtained with a single precipitation with isopropanol.

The purpose of this project was to evaluate a simple, rapid, and cost-effective extraction method capable of obtaining high-quantity and quality DNA from large numbers of oomycete samples. The quality of the DNA obtained with Kamiya and Kiguchi modified protocol was suitable to amplify and sequence markers for both oomycete phylogenetics and population studies. The costs associated with the modified Kamiya and Kiguchi protocol was \$0.32 per sample and these reagents are common to labs that routinely conduct molecular studies; while the costs of DNA isolation with the DNeasy Plant Mini Kit were \$3.64 per sample. Thus, this protocol is inexpensive, simple, quick and efficient in terms of the volume of reagents, materials and number of steps involved in the procedure. The protocol will be suitable when large quantities of high quality DNA from *Phytophthora* and *Pythium* species are required.
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